Studies suggest that oocyte cumulus expansion is regulated by both cumulus expansion-enabling factor (CEEF) and cumulus expansion-inhibiting factors (CEIF). Many reports on CEEF have appeared, but CEIF has rarely been studied. By cumulus expansion assays using mouse cumulus-oocyte complexes (COCs) and oocytectomized complexes, the present study demonstrated that whereas follicular fluid (FF) from medium (diameter, 2-4 mm) goat follicles contained both CEEF and CEIF activities, FF from large (diameter, 5-6 mm) abattoir or large (diameter, 5-7 mm) follicle-stimulating hormone (FSH)-stimulated follicles contained neither. FF from (diameter, 5-7 mm) human chorionic gonadotropin-stimulated follicles showed CEEF but not CEIF activity. Whereas medium conditioned with cumulus or mural granulosa cells from medium goat follicles contained only CEEF activity, theca cell-conditioned medium (CM) showed both CEEF and CEIF activities. Whereas 0.01 mg/ ml of heparin efficiently inhibited cumulus expansion of mouse COCs in vitro, FF from large follicles that showed no CEIF activity contained much higher concentrations (0.23-0.25 mg/ ml) of heparin. None of the glycosaminoglycans (GAGs) tested inhibited cumulus expansion of goat COCs. Among the follicles observed, only FF from medium goat follicles contained a linoleic acid (LA) level sufficient to inhibit cumulus expansion of both mouse and goat COCs in vitro. CM contained some amount of GAGs but no LA. Taken together, the results suggest that 1) the FSH and luteinizing hormone (LH) surges before ovulation promote cumulus expansion by down-regulating CEIF and upregulating CEEF activity, respectively; 2) GAGs are not the CEIF in goat follicles; and 3) LA has CEIF activity but additional factors must be involved, because CM that showed high CEIF activity contained no LA.
INTRODUCTION
One functional unit of an ovarian follicle is the cumulusoocyte complex (COC), with the cumulus oophorus surrounding an oocyte. During the preovulatory period, the cumulus oophorus expands dramatically in response to the preovulatory surge of gonadotropins. Because optimal cumulus expansion is essential for normal oocyte maturation [1] , ovulation [2] , fertilization [3, 4] , and even embryo development [2, 5, 6] , the mechanism and regulation of cumulus expansion has been an important topic during recent years in the biology of reproduction.
Cumulus expansion also occurs in vitro in the presence of follicle-stimulating hormone (FSH), cAMP analogs, and epidermal growth factor (EGF) [7] [8] [9] [10] . Because the effect of FSH, cAMP analogs, and EGF to induce cumulus expansion can be blocked by specific inhibitors of mitogen-activated protein kinase (MAPK), it has been suggested that the gonadotropin cascade is mediated in cumulus cells through MAPK pathways [11, 12] . In addition to gonadotropin/EGF activation of the MAPK cascade, cumulus expansion requires an oocyte-secreted paracrine cumulus expansion-enabling factor (CEEF). Mouse oocytectomized complexes (OOXs) produced by microsurgical removal of the oocyte from COCs do not expand in the presence of FSH, but expansion is restored when these OOXs are cocultured with cumulus-free oocytes [13] .
Early studies showed that whereas follicular fluid (FF) from equine chorionic gonadotropin (eCG)-primed mice [14] and porcine follicles (diameter, 2-5 mm) [15] promoted cumulus expansion by isolated COCs, no cumulus expansion was observed in vivo when the COCs were exposed to the same FF. Although eCG stimulated cumulus expansion of COCs isolated from eCG-primed mice, eCG priming itself did not stimulate cumulus expansion in vivo [14] . Furthermore, whereas cumulus expansion in vivo is clearly initiated by the luteinizing hormone (LH) surge, treatment of COCs with LH failed to induce cumulus expansion in vitro [14] . These findings raise the possibility that some component of the antral follicle inhibits the response of cumulus cells to gonadotropins before the LH surge. Experiments testing the ability of FF to induce cumulus expansion also suggest that FF contains both CEEF and cumulus expansion-inhibiting factor (CEIF) activities. Thus, FF from medium-sized porcine or caprine follicles enabled cumulus expansion in 60% of mouse OOXs when used at 10% concentration, but less than 10% of mouse OOXs expanded when FF concentration was increased to 50% or 70% [16, 17] . The authors' explanation was that the CEIF would not function unless at a very high concentration and that a decrease in FF concentration would decrease CEIF activity, thereby allowing CEEF activity to engage. Furthermore, the bottom fraction of porcine FF after ultracentrifugation has been found to suppress expansion of cultured pig COCs [18] . It is therefore suggested that CEIF may function in vivo to block the response of the cumulus cells to FSH within the follicle and to ensure that cumulus expansion occurs at the appropriate stage of oocyte maturation.
Many studies have been conducted to determine the identities of CEEF. It seems likely that some combination of transforming growth factor beta (TGFB) superfamily molecules is responsible, because the CEEF can be mimicked by TGFB1 or growth differentiation factor 9 (GDF9) [19] [20] [21] . Recently, oocyte-secreted bone morphogenetic protein 15 (BMP15) also was implicated in the regulation of cumulus expansion via a mechanism requiring EGF receptor signaling [22, 23] .
On the contrary, studies on CEIF have been few, and candidates have not been characterized. Concentrations in FF of both glycosaminoglycans (GAGs) [24] and linoleic acid (LA) [25] were reported to decrease significantly as follicle size increases, and culture with either GAGs [26, 27] or LA [28] inhibited cumulus expansion in vitro. The GAGs and LA can thus be considered candidates for CEIF. However, it has recently been shown that the LH surge induces expression of amphiregulin, epiregulin, and beta cellulin in mural granulosa cells of preovulatory follicles and that these EGF-like peptides then stimulate cumulus expansion in COCs via the EGF receptor [29] . Thus, the role played by CEIF in regulating (timing) in vivo cumulus expansion needs further investigation.
The objective of the present study was to characterize CEIF in goat follicles. To this end, fluids of different sources were first tested for CEEF and CEIF activities using cumulus expansion assays with mouse COCs and OOXs. The fluids tested included FF from follicles of different sizes that were exposed or not exposed to FSH or LH and media conditioned by cumulus, mural granulosa, or theca cells from goat follicles. The fluids differing in CEEF and/or CEIF activities were then used 1) to analyze FSH and LH regulation on CEEF and CEIF production by goat follicles, 2) to study the cellular sources of CEEF and CEIF, and 3) to determine whether GAGs and LA acted as CEIF in goat follicles.
MATERIALS AND METHODS
Chemicals were purchased from Sigma Chemical Co. unless otherwise specified.
Preparation of Goat FF
Goat FF was collected from either abattoir ovaries or gonadotropinstimulated ovaries. Abattoir ovaries were obtained from a local abattoir, transported within 3 h to the laboratory in sterilized saline containing 100 IU/ml of penicillin and 0.05 mg/ml of streptomycin, and maintained at 30-358C. Gonadotropin-stimulated ovaries were obtained from does of a native breed. Goat care and use were conducted in strict accordance with guidelines approved by the Animal Research Committee of the Shandong Agricultural University (permit 20010510).
Cycling Lubei White does (age, 2-3 yr) were kept in sheltered pens separated from males and fed alfalfa hay and concentrate, with water available ad libitum. Estrus was checked with a vasectomized buck twice a day at 0600 and 1800 h. A doe was considered to be in estrus only when she stood to be mounted by the buck. Treatment with FSH (a naturally extracted porcine FSH preparation produced by the Institute of Zoology, China Academy of Sciences, Beijing, People's Republic of China) was started on Day 14 after estrus (estrus ¼ Day 0) in does with estrous cycles of 18-20 days and on Day 15 in does with cycles of 21-23 days. A total dose of 6 mg of FSH was administered subcutaneously twice a day for 3 days in decreasing doses (1.5, 1.5, 1.0, 1.0, 0.5, and 0.5 mg). An intramuscular injection of 0.1 mg of cloprostenol was given on the third morning to lyse the corpus luteum. The treated does were checked for estrus at 6-h intervals (0600, 1200, 1800, and 0000 h) and were given an intravenous injection of 1000 IU of human chorionic gonadotropin (hCG) at the onset of estrus. A preliminary experiment indicated that does in our experimental population typically initiated estrus 36-42 h after cloprostenol injection. Does were slaughtered either at 24 h after cloprostenol injection or at 20 h after hCG injection, respectively, to recover FSH-and hCG-stimulated FF. Follicles of 2-4 mm in diameter (medium) and 5-6 mm in diameter (large) on abattoir ovaries and of 5-7 mm in diameter (large) on the stimulated ovaries were aspirated for FF with a syringe. The FF obtained was centrifuged for 10 min at 1500 3 g at 48C, and the supernatant was collected, filtered, and stored at À208C until use.
Recovery of Goat COCs
Goat COCs were released into Dulbecco PBS supplemented with 0.1% polyvinyl alcohol (D-PBS) by rupturing medium follicles of abattoir ovaries with a syringe needle. The COCs with more than three complete layers of cumulus cells and a finely granulated homogenous ooplasm were selected for use.
Preparation of Mouse COCs and OOXs
Mouse care and use were conducted in strict accordance with guidelines approved by the Animal Research Committee of the Shandong Agricultural University (permit 20010510). Mouse COCs were recovered from ovaries of 6-to 8-wk-old mice of the Kunming breed, which were kept in a room with a 14L:10D photoperiod and stimulated 44-46 h previously with eCG (10 IU/ mouse). The COCs were released from large antral follicles into the M2 medium by puncturing the follicular wall with a fine needle. Only COCs with layers of cumulus cells were chosen for use. Some of the COCs were oocytectomized with micromanipulators to prepare OOXs composed of an evacuated zona pellucida and its surrounding cumulus cells.
Preparation of Goat Cell Monolayer
The medium used for culture of a somatic cell monolayer was Dulbecco modified Eagle medium/Ham F12 (Gibco) supplemented with 10% (v/v) fetal calf serum (FCS; Gibco), 100 IU/ml of penicillin, and 0.05 mg/ml of streptomycin.
Cumulus cells. Goat COCs were stripped of their cumulus cells by pipetting in D-PBS containing 0.1% hyaluronidase, and released cumulus cells were washed twice in D-PBS by centrifugation (200 3 g, 5 min each time). Pellets were resuspended in somatic cell culture medium, and cells were counted on a hemocytometer. The final suspension (2-5 3 10 5 cells/ml) was added to wells of 96-well culture plates (200 ll/well) and cultured at 38.58C in a humidified atmosphere of 5% CO 2 in air. After the cells attached, medium was renewed every 48 h.
Mural granulosa cells. The mural granulosa cell (MGC) sheets released into D-PBS at puncture of goat follicles were pelleted by centrifugation at 200 3 g for 5 min. The pellets were resuspended in D-PBS, and MGCs were dispersed by pipetting with a thin pipette. The dispersed MGCs were then washed twice in somatic culture medium by centrifugation (200 3 g, 5 min each time) before being seeded in wells of a 96-well plate at the same cell density and cultured under the same conditions as described for cumulus cells.
Theca cells. Medium goat follicles were isolated and cut open, after which the follicular walls were treated with 0.1% hyaluronidase in D-PBS for 2 min. Then, the follicular walls were gently scraped many times in D-PBS with a blunt spatula until no mural granulosa cells were left on the theca layers. The theca layers were then washed three times (5 min each time) in D-PBS and minced with scissors. The minced theca tissue was digested for 5 min at 378C with 0.25% trypsin and 0.02% ethylenediaminetetra-acetic acid (EDTA) in D-PBS. The resulting cell suspension was then washed twice by centrifugation in D-PBS at 200 3 g for 5 min each time. Pellets were resuspended in somatic cell culture medium, and the final suspension, with some remaining connective tissue, was added to wells of a 96-well culture plate (200 ll/well). Culture was conducted at 38.58C in a humidified atmosphere of 5% CO 2 in air. After 24 h of culture, when the theca cells had become attached, connective tissues were rinsed away with fresh medium at the first medium renewal. After that, medium was renewed every 48 h. It took about a week for theca cells to grow to confluence.
Preparation of Conditioned Medium
When the somatic cells grew to 90% confluence, the somatic cell culture medium in the culture wells was replaced with 100 ll of the conditioning medium, which was TCM-199 supplemented with 10% FCS, 24.2 mg/L of sodium pyruvate, and 10 IU/ml of eCG. The monolayer was then cultured for 24 h, after which the conditioned medium (CM) was aspirated from the wells, pooled, and centrifuged at 300 3 g for 10 min to remove cells and debris.
Assessment of Cumulus Expansion
Mouse and goat COCs and OOXs were cultured in 50-ll drops (n ¼ 10-15 OOXs or COCs per drop) of the CM or the conditioning medium supplemented with different concentrations of FF or GAGs. To observe the effect of LA on cumulus expansion, COCs were cultured with different concentrations of LA in TCM-199 supplemented with 0.6% fatty acid-free bovine serum albumin (BSA) and 10 IU/ml of eCG. Whereas GAGs were dissolved directly in the LI ET AL. conditioning medium, 3.62 ll of LA were dissolved in 16.38 ll of dimethyl sulfoxide (DMSO) to make a 582 mM stock solution. Proper volumes of LA stock solution were then added to TCM-199 with fatty acid-free BSA, and the mixture was vibrated for 30 min at 308C using an ultrasonator to emulsify LA. The eCG was added immediately before culture.
Cumulus expansion in the mouse was examined at 18 h of culture and that in the goat at 24 h of culture. To score cumulus expansion, COCs or OOXs were separated from each other in the culture drop using a pipette, and each COC or OOX was scored individually for expansion. Cumulus expansion was scored as grade 0 to grade 4, with 0 indicating no response; 1 indicating a minimum response, with cells in the peripheral two layers beginning to expand; 2 indicating expansion extending inward to several layers of cumulus cells; 3 indicating expansion of all layers of the cumulus except corona radiata cells; and 4 indicating expansion of the entire cumulus, including corona radiata cells. In the present study, only those COCs and OOXs showing grade 3 or grade 4 of cumulus expansion were recorded as expanded.
Assessment of GAG Contents in Goat FF and CM by the DMMB Dye Assay
A 1,9-dimethylmethylene blue (DMMB) dye assay was conducted for assessment of total and individual GAGs (heparin and chondroitin sulfate B [CS-B]) in FF and CM. The procedures described below were adopted and modified from methods previously described [30, 31] .
Papain digestion. A total of 20 ll of FF or 150 ll of CM were diluted to 300 ll by adding Ca 2þ -, Mg 2þ -free PBS, and then 300 ll of 2.5% papain/ trypsogen (1:2) in HBS (0.8088 g of trisodium citrate, 0.0304 g of L-cysteine, 0.0950 g of EDTA tetra sodium, and 0.4388 g of NaCl dissolved in 50 ll of water) were added. After heating at 768C for 19 h, the mixture was centrifuged at 5000 3 g for 10 min, and the supernatant was recovered and stored at 48C until use.
Extraction and purification of heparin and CS-B. A total of 300 ll (0.6 volume) or 150 ll (0.3 volume) of propanol were added to 500 ll of the aboveobtained supernatant to precipitate CS-B or heparin, respectively. After centrifugation at 5000 3 g for 10 min, the precipitate was collected and solubilized in 200 ll of distilled water to produce the sample solution for color reaction.
Preparation of the color reagent. The color reagent was prepared by dissolving 16 mg of DMMB, 3.04 g of glycine, 2.37 g of NaCl, and 95 ml of 0.1 M HCl in 1000 ml of water to give a solution of pH 3.0. This color reagent solution was stored in a brown bottle at room temperature until use.
Color reaction. A total of 100 ll of sample solution were placed in a polystyrene tube, and 2.5 ml of the DMMB color reagent solution were then added. Reaction was initiated by pouring the mixed solution into a disposable spectrophotometer cuvette, and the absorbance of the DMMB-GAG complexes at 525 nm in a spectrophotometer (Beckman Coulter DU 800) was determined within 30 sec. The assay was calibrated by use of reagent blanks and standards containing 0-50 lg/ml of CS-B or of heparin dissolved in the same solvent as the samples.
Electrophoretic separation of CS-B and heparin on cellulose-acetafolic plate. The fractions recovered by increasing the solvent concentration were also analyzed by cellulose-acetafolic electrophoresis (dimensions, 2 3 8 cm; pore size, 0.45 lm). The cellulose-acetafolic plate was first immersed for more than 20 min in 0.1 M barium acetate buffer, and 1 ll of the sample solution was then applied as a uniform band on the crude surface. After deposition of samples, the loaded sheets were placed in the electrophoretic chamber and submitted to a current of 5 mA (;120 V) for 30 min in 0.1 M barium acetate buffer. After 30 min, the strips were stained for 10 min with the DMMB color reagent solution and then destained with 5% acetic acid.
Gas Chromatographic Analysis of LA in FF and CM
Lipids in FF and CM were extracted in a petroleum ether-benzene solution (1:1 in volume). Briefly, 500 ll of FF or CM were placed in a 10-ml test tube, and 2 ml of the petroleum ether-benzene solution were then added to the tube for lipid extraction. After 18 h of extraction, 2 ml of 0.4 M KOH in methanol were added to the tube for transesterification. After 15 min of transesterification, distilled water was added, and the supernatant was collected for gas chromatographic analysis of methyl linoleate. Methyl linoleate was separated and quantified on a Shimadzu GC-2010 gas chromatograph equipped with a hydrogen flame ionization detector and using GC-Solution software (Shimadzu). The fatty acids were separated on a capillary column AT.FFAP (length, 30 m; inner diameter, 0.32 mm; film thickness, 0.5 lm; Lanzhou Institute of Chemical Physics). Nitrogen was used as the carrier gas at a rate of 5.6 ml/min. Hydrogen was used as the fuel at the rate of 40 ml/min. The injector temperature was held isothermally at 2808C, and the detector temperature was 2908C. The column oven was held at an initial temperature of 1508C for 3 min and then programmed to increase to a final temperature of 1858C, which was held for 32 min. Methyl linoleate was identified by comparison of its retention times with authentication standards (L2626; Sigma). Relative concentrations of methyl linoleate were calculated according to the standard curve.
Data Analysis
Each experiment was replicated at least three times on different days. Percentages of expanded COCs and OOXs were calculated from the numbers of COCs and OOXs cultured in each replicate of each treatment, and the average percentage (mean 6 SEM) was calculated from all the percentages of each treatment. Data were analyzed using SPSS 11.5 (Statistics Package for Social Sciences). Data were compared using one-way ANOVA followed by least-significant-difference post hoc tests. The percentage data were arc sine transformed, and assumptions that the transformed data were normal (ShapiroWilk and Kolmogorov-Smirnov test for normality) and that population variances were homogeneous (Levene test) were checked before performing the ANOVA. Differences were considered to be significant at P , 0.05.
RESULTS

Activities of CEEF and CEIF in FF from Goat Follicles of Different Types
To assay activities of CEEF and CEIF in different types of goat follicles, mouse OOXs and COCs were incubated for 18 h in conditioning medium with different concentrations of FF before assessment for cumulus expansion. The FF assayed included those from medium (diameter, 2-4 mm) and large (diameter, 5-6 mm) follicles of abattoir ovaries and those from large (diameter, 5-7 mm) follicles of FSH-or hCG-stimulated ovaries recovered, respectively, at 24 h after prostaglandin analogue injection and 20 h after hCG injection. When cultured in medium containing FF from medium follicles at a concentration of 10% or 50%, approximately 60% of the mouse OOXs expanded, but few underwent cumulus expansion when the FF concentration increased to 70% and greater (Table 1) . Whereas culture of mouse OOXs in FF from either large abattoir follicles or FSH-stimulated follicles did not enable cumulus expansion, culture with FF from hCG- 
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stimulated follicles promoted OOX expansion in a concentration-dependent manner. Whereas culture of mouse COCs with 100% FF from medium follicles suppressed cumulus expansion significantly, culture in other FF had no effect on cumulus expansion of mouse COCs. The results indicated that 1) whereas FF from medium follicles contained both CEEF and CEIF activities, FF from large abattoir and FSH-stimulated follicles contained neither, and 2) FF collected from hCGstimulated follicles showed CEEF but not CEIF activity.
Secretion of CEEF and CEIF by Different Components of the Medium Goat Follicle
Because the above results indicated that CEIF was produced in medium goat follicles, this experiment was designed to determine which cellular components had secreted CEIF in the follicles. Mouse OOXs and COCs were incubated for 18 h in medium conditioned with a monolayer of different follicular cells before cumulus expansion was assessed. Expansion rates of mouse OOXs decreased in theca cell-conditioned medium (theca-CM) but increased in both cumulus cell-conditioned medium (cumulus-CM) and MGC-conditioned medium (MGC-CM) with increasing CM concentrations ( Table 2) . Expansion rates of mouse COCs also decreased with increasing concentrations of theca-CM but remained constant at different concentrations of cumulus-and MGC-CM. These results indicate that goat theca cells produce both CEEF and CEIF, whereas cumulus and mural granulosa produce only CEEF, suggesting that CEIF in medium goat follicles is derived from theca cells.
Concentrations of Total GAGs, Heparin, and CS-B in Different FF and CM
To determine whether GAGs were the CEIF in goat follicles, total GAGs, heparin, and CS-B in FF and CM from goat follicles of different types were measured by DMMB dye assay. Total concentration of GAGs was highest for medium follicles, with significantly decreased levels for large abattoir follicles and FSH-stimulated follicles and for mature follicles after hCG injection. Differences were not significant, however, between large abattoir follicles and FSH-stimulated follicles (Fig. 1A) . However, neither heparin nor CS-B concentrations differed among different types of follicles. Concentrations of various GAGs in CM were low and did not differ between cumulus-and theca-CM. Thus, the results did not support the idea that GAGs were the CEIF in goat follicles. According to Volpi [31] , fractions precipitated with 0.3 and 0.6 volume of propanol correspond to heparin and CS-B, respectively, in beef intestinal mucosa. To confirm that heparin and CS-B from goat FF also were precipitated by 0.3 and 0.6 volume of propanol, electrophoretic separation of CS-B and heparin sediments was performed on a cellulose-acetafolic plate. A mixture of heparin and CS-B standards was deposited in the left lane, whereas the fraction obtained by precipitation with 0.3 or 0.6 volume of propanol was placed in the right lane. Following electrophoresis, whereas the band of precipitates from 0.6 volume of propanol was in line with that of CS-B standards, the band from 0.3 volume was aligned with that of heparin standards (Fig. 1B) . The results verified that fractions precipitated with 0.3 and 0.6 volume of propanol from goat FF were heparin and CS-B, respectively.
GAGs Inhibited Cumulus Expansion of Mouse COCs in a Concentration-Dependent Manner
When mouse COCs were cultured for 18 h in conditioning medium supplemented with different GAGs, cumulus expansion was inhibited in a GAG concentration-dependent manner. Thus, cumulus expansion was suppressed by heparin at 0.01 mg/ml, by CS-B and heparin sulfate (HS) at 1 mg/ml, and by chondroitin sulfate (CS-C) at 5 mg/ml (Table 3) .
Factors in FF Interfered with the CEIF-like Action of Heparin
Because FF from large abattoir follicles, which did not inhibit cumulus expansion of mouse COCs, contained a much higher concentration of heparin (0.25 mg/ml) than the concentration that efficiently suppressed cumulus expansion in vitro (0.01 mg/ml), we deduced that one or more factors in FF might have interfered with the CEIF-like action of heparin. To test this hypothesis, mouse COCs were cultured for 18 h in conditioning medium or FF from large abattoir follicles supplemented with 0.01 or 0.1 mg/ml of heparin to assess cumulus expansion. Whereas 0.01 mg/ml of heparin in conditioning medium inhibited cumulus expansion completely, 40% of mouse COCs underwent cumulus expansion in FF containing the same amount of heparin (Table 4) . Results confirmed that one or more factors in FF interfered with the CEIF-like action of heparin.
GAGs Did Not Inhibit Cumulus Expansion of Goat COCs
When goat COCs were cultured for 24 h in conditioning medium supplemented with different GAGs, cumulus expansion was not inhibited at any concentration tested (Table 5) . However, when goat COCs were cultured for 24 h in FF from medium goat follicles, cumulus expansion was successfully prevented, although FF from large abattoir follicles showed no effect (Table 6) . Results indicated that GAGs were not the CEIF in goat follicles that inhibited cumulus expansion of goat COCs.
Concentrations of LA in Different FF and CM
Concentrations of LA in different FF and CM were measured by gas chromatography. Results showed that LA concentration decreased significantly with follicle growth and 
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maturation. Thus, the LA concentration in FF from medium follicles was significantly higher than that in FF from large abattoir follicles, and the LA level decreased further in FF from FSH-or hCG-stimulated follicles (Fig. 2) . Theca-and cumulus-CM did not contain any LA.
LA Suppressed Cumulus Expansion of Both Mouse and Goat COCs in a Concentration-Dependent Manner
When mouse and goat COCs were cultured in the presence of various concentrations of LA, rates of cumulus expansion in both species decreased with increasing LA concentrations (Table 7) . However, 90% inhibition of cumulus expansion was not achieved until LA increased to 0.65 mg/ml, a concentration that was twice as high as that observed in FF from medium goat follicles (Fig. 2) . The results suggested that 1) LA suppressed cumulus expansion of both mouse and goat COCs in a concentration-dependent manner and 2) LA is not the exclusive CEIF in goat follicles, because whereas culture with 0.33 mg/ml of LA prevented cumulus expansion in only approximately 65% of mouse COCs, FF from medium follicles with the same concentration of LA inhibited cumulus expansion in approximately 85% of the mouse COCs (Table 1) .
DISCUSSION
The present results indicate that whereas FF from medium follicles contained both CEEF and CEIF activities, FF from large abattoir and FSH-stimulated follicles contained neither. FF collected from hCG-stimulated follicles showed CEEF but not CEIF activity. Similarly, Procházka et al. [32] observed CEEF activity in FF from porcine small and hCG-stimulated follicles but not in FF from eCG-stimulated follicles. It is known that follicles grow and degenerate in a wave-like pattern in mono-and oligo-ovulatory species. Numerous follicles begin to grow in the presence of FSH. However, only the ones capable of producing the most estrogen in response to FSH become dominant and mature; all others die [33] . Estrogen has two disparate effects involving the future reception of FSH. At one level, it turns down the pituitary secretion of FSH, whereas at another level, it increases the number of FSH receptors on the follicle cells. Thus, the more estrogen a follicle produces, the more FSH receptors it has, but with less FSH remaining in circulation. Growth and regression of goat follicles also occurs in a wave-like pattern, and the predominant patterns are three or four follicular waves [34] . The day that the goat follicles reach 3 mm in diameter is usually defined as the day of wave emergence, and dominant follicles are defined as those growing to 5 mm or greater in diameter [35] . Plasma concentrations of FSH increase around the day of goat follicular wave emergence and decline with growth of follicles [34] . Thus, among the follicles from abattoir ovaries used in the present study, those of 2-4 mm in diameter (medium) were newly recruited follicles having received little FSH stimulation, whereas those of 5-6 mm in diameter (large) were FSH-stimulated dominant follicles. Furthermore, the hCG-stimulated follicles used in the present study were mature follicles collected 20 h post-hCG injection after FSH priming. Using a hormone treatment regimen similar to that in the present study, Kumar et al. [36] observed cumulus expansion in 83%-93% of goat oocytes at 20 h after hCG injection following eCG or FSH priming. Taken together, these data suggest that FSH reduced CEIF production in large dominant follicles and paved the way for LH surges to promote cumulus expansion by up-regulating CEEF in mature follicles.
The present study demonstrates that whereas cumulus-and MGC-CM showed only CEEF activity, theca-CM showed both CEEF and CEIF activities. In the present study, CM was conditioned with cells from medium goat follicles in the presence of eCG. Because FF from medium goat follicles showed both CEEF and CEIF activities, the results suggest that CEIF in FF was produced by theca cells, whereas CEEF was contributed by all three cell types. Previous studies also reported consistency in CEEF activities between FF and CM conditioned by different follicular cell types in porcine small follicles [32] and caprine medium follicles [17] . In eCG-or FSH-stimulated large follicles of pigs and goats, however, FF showed neither CEEF [17, 32] nor CEIF (present study) activity, but CM conditioned with cells from these follicles in the presence of FSH or LH contained a reasonable level of CEEF activity [17, 32] .
Several explanations are possible for the discrepancy in CEEF and/or CEIF activities between FF and CM in FSHstimulated large follicles. First, the drop in CEEF/CEIF activities in FF of large follicles could have resulted from a decreased production, which could be explained by a constant secretion by a limited number of cells (e.g., the oocyte only or the oocyte and cumulus cells). Our previous study indicated that the CEEF level in FF from goat follicles of different sizes LI ET AL.
correlated mainly with in vitro CEEF production by MGCs rather than by denuded oocytes (DOs) or OOXs in the absence of eCG [17] . However, although MGCs from FSH-stimulated large follicles produced CEEF in vitro in the presence of FSH [17] , CEEF activity was undetectable in FF from such follicles in spite of sufficient FSH injection (present results). Similarly, the present study showed that whereas theca cells from medium goat follicles produced CEIF in vitro in the presence of eCG, no CEIF activity was detected in FF from FSH-stimulated follicles. Therefore, FSH control over CEEF/CEIF production by follicular cells may differ between in vitro and in vivo conditions and among follicular sizes. This is worth exploring. Second, the low CEEF/CEIF activity in large follicles, compared to that in small and medium follicles, could be due to a massive secretion of FF that exceeded the production of CEEF/CEIF in these smaller follicles. Our previous study suggested that the level of both CEEF and CEIF was higher in small than in the medium follicles, although the capacity to secret CEEF was obviously lower in small than in the medium follicles [17] . Furthermore, the present study demonstrated that concentrations of both LA and total GAGs decreased significantly from medium to large follicles. However, concentrations of heparin and CS-B that showed high CEIF activities in vitro did not change with follicular growth.
Third, CEEF or CEIF activities in large follicles may be disrupted by some unknown factors, as was shown in the present study when FF from large follicles impaired the CEIF action of heparin in vitro.
The present results demonstrate that the total GAGs concentration in FF decreased significantly with follicle maturation from medium follicles to FSH-and hCG-stimulated large follicles. A significant decrease in FF concentration of total GAGs also was reported with follicular growth and maturation of buffalo follicles [37] . Ax and Ryan [24] observed that concentrations of chondroitin-like material and HS in porcine FF decreased with follicular maturation. Bushmeyer et al. [38] reported that chondroitin sulfate levels in bovine FF were reduced in large compared to small and medium follicles, whereas HS levels were decreased in medium and large compared to small follicles. In addition, the present study indicates that whereas goat FF from medium follicles showed high CEIF activity, FF from large follicles did not. Furthermore, both the present results and those reported by Eppig [26, 27] have shown that culture with GAGs inhibited cumulus expansion of mouse COCs in vitro. However, although these data suggest that GAGs are the CEIF in goat follicles, evidence obtained in the present study does not support this idea. First, concentrations of heparin and CS-B that showed the highest CEIF activities in vitro did not change with follicle growth and maturation. Second, although CM conditioned with cumulus cells and theca cells contained the same level of heparin that is sufficient to inhibit cumulus expansion of mouse COCs in vitro, theca-CM showed CEIF activity, whereas cumulus CM did not. Third, whereas cumulus expansion of goat COCs was successfully prevented in the presence of goat FF from medium follicles, it was not inhibited in vitro with any GAG or at any tested concentration. In addition, binding specificity of some structural components to hyaluronic acid (HA) has been reported [39] . Thus, whereas addition of exogenous HA or of HA oligomers effectively displaces endogenously synthesized HA from the matrix into the medium, thereby preventing mouse COC expansion, addition of CS-C affects neither matrix organization nor COC expansion.
The present study establishes that culture with LA prevents cumulus expansion of both mouse and goat COCs in a concentration dependent manner. Concentrations of LA decreased significantly with follicular growth and maturation; and among the follicles observed, only FF from medium follicles contained an LA level sufficient to inhibit cumulus expansion of mouse and goat COCs in vitro. Similarly, analysis of the fatty acid content of the bovine FF collected from different-sized follicles showed a significant decrease in the concentration of LA in large follicles as compared with small follicles [25] . Furthermore, treatment of bovine COCs with LA significantly inhibited cumulus expansion and retarded development of the oocytes to the metaphase II (MII) stage in a dose-dependent manner [28] . However, although these data suggest that LA is the CEIF in bovine and goat follicles, the present study showed that CM conditioned with goat theca cells that showed marked CEIF activity contained no LA. It is therefore suggested that LA is not the only CEIF in goat follicles and that other molecules must be secreted by theca cells that are involved in the inhibition of cumulus expansion. In addition, the present results showed that whereas 100% FF from medium goat follicles, which contained 0.33 mg/ml of LA, inhibited expansion of 90% of treated mouse COCs, the same concentration of exogenously added LA was only approximately 60% effective. Although this may help to support our argument, there could have been differences in the physical state of the LA presented to the cumulus cells by the exogenous LA, which was added to the COC culture media in the form of an artificially prepared emulsion, and that of the same concentration of LA presented as FF, which might have resulted in enhanced activity of the latter.
Previous studies have demonstrated that the stimulatory effect of FSH, cAMP analogs, and EGF on cumulus expansion can be blocked by specific inhibitors of MAPK [11, 12] . According to a model proposed by Dragovic et al. [40] , initiation of mouse cumulus expansion requires two signaling events. First, oocyte-secreted CEEF enables cumulus cells to respond to stimulation by FSH (in vitro) or the gonadotropininduced EGF cascade (in vivo). FSH and EGF both activate the MAPK signaling cascade. Second, the oocyte-secreted CEEF also signals through the SMAD 2/3 pathway to enable FSH-or EGF-stimulated cumulus expansion. In addition, the MEK inhibitor U0126 was found to produce a dose-dependent inhibitory effect on both FSH-induced oocyte meiotic resumption and MAPK activation in mouse oocytes [41, 42] . Furthermore, it has been reported that LA inhibition of cumulus expansion was associated with decreased phosphor- 
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ylation of MAPK1/3 and retarded development to the MII stage in bovine oocytes [28] . However, although this may suggest that LA is the CEIF that prevents cumulus expansion by inhibiting MAPK activation, our theca-CM contained no LA while showing a high CEIF activity. Early studies showed that isolated theca cell layers or theca cells cultured in monolayers secrete an inhibitory factor capable of maintaining COCs in meiotic arrest but that DOs do not respond to the inhibitory action of theca cell monolayers [43, 44] . Taken together, the data suggest that theca cells produce one or more factors that inhibit both meiotic resumption and cumulus expansion through the MAPK pathway in cumulus cells. In summary, we have conducted experiments to characterize CEIF in goat follicles. By cumulus expansion assays using mouse COCs and OOXs, we showed that whereas FF from medium goat follicles contained both CEEF and CEIF activities, FF from abattoir or FSH-stimulated large follicles contained neither (Table 8) . FF from hCG-stimulated large follicles showed CEEF but not CEIF activity. Whereas cumulus-and MGC-CM showed only CEEF activity, theca-CM showed both CEEF and CEIF activities. Whereas 0.01 mg/ ml of heparin efficiently inhibited cumulus expansion of mouse COCs in vitro, FF from large abattoir follicles that showed no CEIF activity contained much higher concentrations (0.23-0.25 mg/ml) of heparin. None of the GAGs tested inhibited cumulus expansion of goat COCs. Among the follicle types observed, only FF from medium follicles contained a LA level sufficient to inhibit cumulus expansion of COCs in vitro. CM contained some amount of GAGs but no LA. In conclusion, the present results suggest that 1) the FSH and LH surges before ovulation promote cumulus expansion by down-regulating CEIF and up-regulating CEEF activities, respectively; 2) GAGs are not the CEIF in goat follicles; and 3) LA has CEIF activity but one or more additional factors must be involved, because theca-CM that showed high CEIF activities contained no LA. Future studies are suggested to focus on the characterization of CEIF other than LA and on the molecular mechanisms of CEIF action by using theca-CM. The mechanism of action of CEIF can also be studied and characterized by observing differences among species in cumulus expansion response of COCs to FF and GAGs, because whereas crude FF from eCG-primed mouse ovaries [14] and FF from porcine follicles of different sizes [15] promoted cumulus expansion by isolated COCs, FF from medium goat follicles suppressed cumulus expansion of both mouse and goat COCs (present results). Whether the FSH control over CEEF/CEIF production by follicular cells differs between in vitro and in vivo systems and among follicular sizes should also be examined.
